1. Introduction {#sec1}
===============

Pancreatic cancer is highly malignant, and radical resection is the only treatment method \[[@bib1],[@bib2]\], but currently, only 15--20% of patients are eligible for surgical resection, and 30--40% of patients are diagnosed as non-metastatic and unresectable advanced pancreatic cancer \[[@bib3],[@bib4]\]. For patients who have lost their opportunity to accept a surgery, even with chemotherapy, the survival time rarely exceeds 500 days \[[@bib5],[@bib6]\]. For such patients, palliative treatment is an option that can extend life and improve living quality, such as Radiofrequency Ablation (RFA).

Radiofrequency ablation is a thermotherapy technique that uses high-frequency alternating current to cause tissue coagulation and necrosis, thereby killing tumor cells. It can be used percutaneously or in combination with endoscopic ultrasonography \[[@bib7]\]. Comparing with traditional radical resection, it is easier to recover after RFA surgery \[[@bib8]\]. Although RFA has been widely used to treat solid tumors such as liver cancer \[[@bib9],[@bib10]\] and colorectal cancer \[[@bib11]\], since pancreatic tissue is sensitive to heat, rich in blood vessels, and the anatomical position is close to arteries and bile ducts, there\'s a high risk in applying thermotherapy technique. As RFA application becomes increasingly mature, the incidence of postoperative complications has decreased significantly \[[@bib7],[@bib12], [@bib13], [@bib14]\]. A clinical survey in Italy pointed out that RFA can significantly eliminate pancreatic tumors, resulting in an average survival rate of 185 days \[[@bib6]\].

However, this data suggests that RFA still cannot improve the patient\'s five-year survival rate. Considering the absence of membrane on pancreatic tissue, cancerous tissue tends to invade nearby blood vessels and bile ducts, increasing the difficulty of completely eliminating tumor tissue \[[@bib15]\]. Although studies have shown that residual cancerous tissue after general resection does not affect the prognosis \[[@bib16]\], the residual tumor tissue underwent heat exposure after RAF may have different manifestation, because studies have indicated that heat exposure increased the heat tolerance and viability of residual tumor tissue \[[@bib17], [@bib18], [@bib19]\]. Studies have shown that heat stress can induce synthetic Heat Shock Protein 70 (HSP70) in a variety of cells \[[@bib20]\], increasing the survival rate of cells under high temperature stress \[[@bib21],[@bib22]\]. However, there are currently no related studies on pancreatic cancer. Also, as a key marker of tumors, increased expression of HSP70 itself reveals an increase in tumor proliferation and migration \[[@bib23],[@bib24]\], and whether or not heat stress also increases the invasiveness of pancreatic cancer by inducing an increase in HSP70 expression still needs to be studied.

Recently, a study showed that combined using with anti-HSP micellar quercetin in RFA could significantly reduce the subsequent systemic tumor growth \[[@bib25]\], which suggested that expression change of HSP caused by RFA might be an important risk factor. And also, this study proposal a question is that how local thermal injury pass the signal away to the distant tumor.

Therefore, this study aimed to carry out prognostic analysis for patients receiving RFA treatment to observe the efficacy of RFA in advanced pancreatic cancer; and by means of heat exposure treatment for human pancreatic cancer cell line PANC-1 cultured *in vitro*, to observe the impact of heat stress on the proliferation of tumor cells; and after that, the medium of PANC-1 cells after heat treatment was collected to culture human pancreas cell strain HPC-Y5 to observe the affect. And thus, to provide a fundamental research basis for improving the safety of RFA application.

2. Materials and methods {#sec2}
========================

2.1. Participants {#sec2.1}
-----------------

From January 2015 through June 2016, of the patients treated advanced pancreatic cancer with RFA at the Third Affiliated Hospital of Qiqihar Medical University, 32 met the following inclusion criteria:1.Age above 18 years old. Be able to sign their own Informed Consent Form.2.Meet typical clinical symptoms such as abdominal pain, back pain, jaundice, weight loss, etc.3.Diagnosed as advanced pancreatic cancer according to WHO\'s diagnostic criterion *2003 Digestive System Neoplasm.*4.Free from disturbance of consciousness, nor failure of major organs such as heart, liver and kidney. Free from symptoms of infection, nor coagulation disorders.5.Be able to cooperate with pain rating and willing to participate in follow-up.

Among which, 20 male patients and 12 female patients with an average age of 43 years old. Tumor dia. 7.5 cm∼10.4 cm. Serum CA19-9 and CA 242 levels were measured 1 day before and 3 months after surgery, and they were followed up by telephone every 3 months to understand the prognosis.

Our study is in compliance with the survey of Declaration of Helsinki on human subjects. The study protocol was ethically approved by the Institutional Review Board of the Qiqihar Medical University. All the participants provided written Informed Consent Form. And every effort was exerted to reduce the pain of patients.

2.2. Pain rating {#sec2.2}
----------------

Pain levels before and after surgery were assessed by Numerical Rating Scale (NRS) and Verbal Rating Scale (VRS). The specific implementation standard refers to: \[[@bib25]\]. And, observe whether there are sigh and groan, and determine vital signs such as heart rate and blood pressure of the patients to assist in the assessment of pain levels.

2.3. Surgical methods {#sec2.3}
---------------------

The tumor location and RFA puncture point and the direction of needle insertion were determined by computerized tomography performed in 32 patients. After performing general anesthesia on the patient, the plate electrode of the radiofrequency ablation instrument (Beijing Wei\'er Fu Electronics Co., model WE7568) was attached closely to the patient\'s lower extremities. Under the guidance of B-ultrasound, an umbrella shaped microelectrode was implanted inside the tumor, with EVB electrode connected, and the heating was controlled by a computer program. Repeat times and each performing time was set according to the location and size of the tumor. Patients\' vital signs were carefully monitored during the surgery. rest in supine position was taken after surgery, and nutritional support, anti-inflammatory drugs and antacid were administered.

2.4. Determination of serum CA199 and CA242 {#sec2.4}
-------------------------------------------

Take 3 ml fasting venous blood in the early morning and place it in a biochemical tube. Separate out serum by centrifugal process. Serum CA199 and CA242 levels were detected by chemiluminescence immunoassay (BPCL ultra-weak chemiluminescence analyzer, Institute of Biophysics, Chinese Academy of Sciences, Beijing).

2.5. Cell culture and treatment {#sec2.5}
-------------------------------

Human pancreatic cancer cell line PANC-1 (ATCC, CRL-1469) and human pancreas cell strain HPC-Y5 (ScienCell, KL) was cultured in a medium prepared by 90% Dulbecco modified medium (Catalog No.: 30--2002), 10% heat-inactivated fetal calf serum (10099, Australia) and 1% penicillin and streptomycin. At the time of cell passage, remove the medium solution, flush for 3 times with PBS, and after it is digested with 0.25% trypsin plus 0.02% EDTA, remove the pancreatin, add a fresh medium, mix well, then dispense it into new flasks. At heat treatment, implant PANC-1 into 75 cm^2^ culture flasks (density 2 × 10^5^ cells/mL). Heat in water baths at 37 °C, 42 °C and 50 °C for 5, 10, 30 min respectively, and then put them back into the incubator. Replace the solution every other day and passage the adherent cells into a six-pore plate, and the cells would be collected for testing after they grow up to an 80% confluence.

2.6. Western-blotting {#sec2.6}
---------------------

After PANC-1 cells were cultured to an 80% confluence, they were flushed for 3 times with pre-cooled PBS, then a protein lysate (solarbio, r 0020) was added. React for 30 min on ice, then collect the upper protein solution by centrifugation after cell debris was collected. The concentration of the samples was determined by BCA method. The protein was separated by SDS-PAGE electrophoresis and transferred onto a PVDF membrane. Block with 5% w/v skimmed milk powder (1 × TBST), and then continue to incubate the membrane with the following primary antibodies: Cyclin D1 Antibody (CST\#2922) (1:1000), HSP70 Antibody (CST\#4873) (1:1000), GADPH (CST\#51332) (1:1000).

2.7. Real-time PCR {#sec2.7}
------------------

Take PANC-1 cells with 80% confluence, extract and purify RNA with Trizol (Invitrogen™), and then reversely transcribed it into cDNA. The target sequence was amplified by the primers list as follows: GADPH, forward primer (5'→3′): TCTGGCACCACACCTTCTAC, reverse primer (5'→3′): ATGTCACGCACGATTTCC; Cyclin-D1, forward primer (5'→3′): TGGCTGAAGTCACCTCTTG; reverse primer (5'→3′): GTGCTTGGAAATGGAATGG; HSP7, forward primer (5'→3′): TGACTGTGTTGTTTCGGTTC; reverse primer (5'→3'): TACCTCCCAATGTCGTGTC.

2.8. Cell survival rate {#sec2.8}
-----------------------

To avoid false positive result caused by combine using of VER-155008 in colony formation experiment, CCK-8 assay was measured to find a suitable point. Human pancreatic cancer PANC-1 cells were digested with 0.25% trypsin to make 5 × 10^4^/ml single cell suspensions, inoculated in 96 well plate with 200 μL cell suspension per well and cultured in 37 °c, 5% CO~2~ incubator. After 12 h change the culture medium to set experimental group, negative control group, and blank group. The experimental group was treated with VER-155008 at concentration of 25μ mol/L, for 12 h, 24 h, 36 h, and 48 h respectively. Five parallel compound holes were set up for each hole. The IOD was measured by enzyme labeling instrument in 450 nm. Calculated cell relative proliferation rate = (experimental group IOD value-blank group IOD value)/(negative control group IOD value-blank group IOD value) × 100%.

2.9. Colony formation experiment {#sec2.9}
--------------------------------

PANC-1 cells after heated treatment or combined with VER-155008 treatment were collected and inoculated in 6-well plate and 12-well plate at 1000/well and 500/well respectively, incubated for two weeks. After culture, stained with 4% methyl alcohol for 10 min, dyed by 0.1% crystal violet.

2.10. Statistical analysis {#sec2.10}
--------------------------

Statistical analysis was performed using Microsoft EXCEL (Microsoft, Redmond, WA), SPSS and Prism Rev. 5.00 (GraphPad Software, San Diego, CA). It will be considered a significant difference where p is less than 0.05.

3. Results {#sec3}
==========

3.1. Follow-up results {#sec3.1}
----------------------

Of the 32 patients, there were 20 male patients and 12 female patients, with an average age of 43 years old. The tumor dia. in the preoperative assessment is 7.5 cm∼10.4 cm ([Fig. 1](#fig1){ref-type="fig"}). 1 patient died of gastrointestinal hemorrhage in the postoperative follow-up. Within 6 months after surgery, 1 patient died of multiple organ failure caused by distant tumor metastasis. 2 patients survived for more than 16 months.Fig. 1Manifestation of CT image of a typical pancreatic cancer patient, from A to D the results of layer-by-layer scanning are shown from the patient\'s head downwards, with tumor location indicated by arrow.Fig. 1

There were 29 cases of jaundice and 19 cases of abdominal pain with jaundice before surgery. All patients had pain, of which 21 cases of abdominal pain and 11 cases of back pain ([Table 1](#tbl1){ref-type="table"}). The patients\' pain degree was assessed by NRS/VRS before surgery, with an average pain level of around 7.3 ([Fig. 2](#fig2){ref-type="fig"}A). The patients were asked about the pain 3 weeks after surgery. Except for 4 cases of abdominal pain without obvious relief, the other 28 cases were all improved. 20 patients had pain relief 6 weeks after surgery. The overall pain relief rate is up to 62.5% (P \< 0.05). In addition, of the 14 patients requiring a painkiller, 6 no longer require a painkiller, which drops the usage rate of painkiller to 42.8% ([Table 1](#tbl1){ref-type="table"}).Table 1Characteristics of the studied population.Table 1VariablesAll patients (before surgery, n = 32)All patients (6 months after, n = 31)Gender Male2019 Female1212Average Age (years)43 ± 5.64Tumor Size (centimeters)7.5--10.4Symptoms Jaundice290 Abdominal pain2112 Back pain114Oral analgesic medication148Fig. 2A: The statistical results of pain scores of 32 patients before and 3 weeks and 6 weeks after surgery. Pain of the patients was assessed by applying verbal rating scale and numerical rating scale respectively; the rating data of the patients before and 3 weeks and 6 weeks after surgery were collected; and the data of single variance analysis showed that pain improvement was statistically significant (compared with pre operation, pain improved 3 weeks after surgery, \#\#*p* \< 0.01; and compared with pre operation, pain improved significantly 6 weeks after surgery \*\*\**p* \< 0.001). B, D: Western-blotting results of heat-treated cells at 42 °C and 50 °C and control cells at 37 °C. The results of three independent replicates after single-variance analysis showed that the proliferation rate was significantly increased in the 50 °C group compared with the control group (\#\#*p* \< 0.01), and the HSP70 expression was significantly increased (\*\*\**p* \< 0.001). C: Real-time PCR results of heat-treated cells at 42 °C and 50 °C and control cells at 37 °C. The results of three independent replicates after single-variance analysis showed that the proliferation rate was significantly increased in the 50 °C group compared with the control group (\#\#\#*p* \< 0.001), and the HSP70 expression was significantly increased (\*\*\**p* \< 0.001).Fig. 2

3.2. Changes in tumor marker serum level {#sec3.2}
----------------------------------------

Carbohydrate antigens 19-9 (CA19-9) and CA242 are glycoproteins which are present in small amounts in the pancreas and gallbladder of adults. When the body\'s pancreatic tumor tissue proliferates, the sharp increase in the level of these glycoproteins can faithfully and reliably reflect the growth of the tumor. Notably, although CA19-9 is not sensitive enough for screening early lesions, but it\'s the most frequently used biomarker for Pancreatic ductal adenocarcinoma (PDAC). And also, CA242 is identified as a relatively late biomarker for the diagnosis, prognosis and surveillance of PDAC \[[@bib26],[@bib27]\]. So, we chose these two biomarkers as surveillances to predict prognosis for our patients. From the changes in CA19-9 and CA242 levels before and 3 months after treatment, it can be seen that the levels of both serum tumor markers decreased 3 months after treatment with radiofrequency ablation, and the difference was remarkable by comparison ([Table 2](#tbl2){ref-type="table"}).Table 2Serum CA19-9 and CA242 levels before and 3 months after of treatment (U/mL).Table 2Pre-RFA90-Day Post-RFADelta*tp*CA19-9247.19 ± 112.4177.34 ± 64.07163.21 ± 97.879.873\<0.01CA24265.42 ± 44.6039.31 ± 32.0322.74 ± 26.605.978\<0.01

3.3. Pancreatic cancer cells after heat treatment had a higher proliferation rate {#sec3.3}
---------------------------------------------------------------------------------

In order to observe the impact of heat stress on pancreatic tumor tissue, human pancreatic cancer cell line PANC-1 was cultured and heated in a water bath at 37 °C, 42 °C and 50 °C for 5 min, 10 min, and 30 min respectively to simulate heat exposure process of residual tumor tissue at the marginal zone during RFA treatment. Colony formation test showed that when incubated at 50 °C for 10 min, the proliferation rate of PANC-1 cells was significantly increased ([Fig. 3](#fig3){ref-type="fig"}A). And also, cells after heat treatment were collected for detection of Cyclin-D1 and HSP70 expressions, which were then compared with the control group (water bath group at 37 °C) to observe the changes in cell proliferation rate and HSP70 level ([Fig. 2](#fig2){ref-type="fig"}B--D). Because cyclin D1 expression was proved to be positive correlated with cell proliferation, especially in carcinoma cells \[[@bib28],[@bib29]\].Fig. 3A: PANC-1 cells after heat treatment at 37 °C, 42 °C, 50 °C for 5 min, 10 min and 30 min respectively were collected to plant into 6-well plate at 1000 cells/well for 7 days. Then use crystal violet to show colon formation. B--C: The cells were subjecting to a heat treatment after being pretreated with HSP70 inhibitor VER-155008 25 μM for an hour, and cell protein was collected to observe the change in HSP70 expression and the variation of proliferation rate by means of Western-blotting. The experimental results of three independent replicates after single-variance analysis showed that VER-155008 can significantly inhibit the expression of HSP70 in cells (\*\*\**p* \< 0.001), and the proliferation rate of cells applied with an inhibitor and subjected to a heat radiation was significantly decreased (\#\#*p* \< 0.01, \#\#\#*p* \< 0.001).Fig. 3

3.4. HSP70 inhibitor altered the proliferation increase in pancreatic cancer cells after heat treatment {#sec3.4}
-------------------------------------------------------------------------------------------------------

HSP70 inhibitor ver-155008 was applied to PANC-1 cells after heat treatment to identify if HSP70 change is the cause of increase in proliferation. The results showed that the viability of PANC-1 cells subjected to a heat treatment after pretreatment with HSP70 inhibitor ver-155008 decreased significantly ([Fig. 4](#fig4){ref-type="fig"}A, [Fig. 3](#fig3){ref-type="fig"}B-C). The concentration of ver-155008 was 25 μM according to Ref. \[[@bib30]\]. And also, by using CCK-8 assay, the possibility that ver-155008 treatment itself caused the death of PANC-1 was excluded ([Fig. 4](#fig4){ref-type="fig"}B).Fig. 4A: Crystal violet to show colony formation in cells treated with/without VER-155008 during heat treatment. B: Using 25 μM VER-155008 to treat PANC-1 for different times, CCK-8 showed that VER-155008 did not cause PANC-1 death. C, D: HSP70 expression change in human pancreas cell line HPC-Y5 after heat treatment (\*\*\**p* \< 0.001). E, F: Expression of HSP70 of HPC-Y5 cells in two kinds of medium, CM: control medium, HM: medium came from heat treated PANC-1(\*\**p* \< 0.01).Fig. 4

3.5. Carcinoma cells after heat injury might pass the signal to normal cells around {#sec3.5}
-----------------------------------------------------------------------------------

To further investigate the affect caused by heat injury on normal pancreas cells, we applied heat treatment on human pancreas cells strain HPC-Y5 in the same way. And then, to examine the expression change of HSP70 ([Fig. 4](#fig4){ref-type="fig"}. C, D). And also, to verify the indirect influence from heat exposure pancreatic carcinoma cells to the normal cells around, we collected medium from heat treated PANC-1 to replace the medium for HPC-Y5, exchange the medium synchronously. After 7 days culture, to examine the expression of HSP70 again ([Fig. 4](#fig4){ref-type="fig"}. E, F). From that we can see, even though the signals contented in heat treated PANC-1\'s medium didn\'t have the strong activation effect as heat treatment on HPC-Y5, but it still raised expression of HSP70 in HPC-Y5.

4. Discussion {#sec4}
=============

30--40% of patients with pancreatic cancer are not eligible for radical resection \[[@bib4]\], while radiofrequency ablation (RFA) is a treatment means that can be applied to advanced unresectable pancreatic cancer \[[@bib31]\]. RFA causes protein denaturation and coagulative necrosis by heating, and blocks the blood supply to the tumor, further causing tumor cell ischemia and delaying tumor growth \[[@bib32],[@bib33]\]. At the same time, RFA can also enhance the immunity of patients by promoting the immune function of T cells, natural killer cells and macrophages, thereby limiting tumor cell proliferation \[[@bib34]\]. However, clinical data indicated that RFA cannot significantly prolong the patients\' five-year survival rate \[[@bib6]\]. In this study, based on a retrospective investigation on 32 patients treated with RFA, by detecting the changes in the level of serum tumor markers and observing the improvement of the patients\' symptoms, the same conclusion was reached: although RFA can indeed effectively eliminate pancreatic tumors, relieve pain, subside jaundice and improve symptoms, it still cannot effectively prolong the patients\' survival time.

In order to explore the factors that affect the survival time of patients treated with RFA, we observed the impact of heat radiation on tumor cell proliferation. By giving heat treatment for human pancreatic cancer cell line PANC-1, a tumor tissue model after heat stress was established, its proliferation rate was determined, and was compared with the control group. It was observed that the expression of Cyclin-D1 in the heat stress model increased, which indicates that the proliferation rate of pancreatic cancer cells subjecting to a heat radiation was increased, because some studies had testified that Cyclin-D1 related to the cell proliferation \[[@bib28],[@bib29]\]. Since radiation causes an increase in the synthesis of heat shock proteins, thereby enhancing the endurance capacity of cells to heat radiation and increasing cell viability \[[@bib35]\], we detected the changes in HSP70 expression after heating, and by pretreating the cells with HSP70 inhibitor VER-155008, it was determined that HSP70 plays an important role in the regulation of proliferation of pancreatic cancer cells subjected to a heat stress. Although this conclusion needs to be verified in in-vivo experiments, we can still see the important effect of heat radiation generated by RFA on surrounding residual cancerous tissue and the key role of HSP70 in this in-vitro experiment.

Moreover, studies have indicated that when RFA is applied to treat liver cancer, the expression of HSP70 in tumor tissue away from ablation center would also increase, thereby inducing the growth of systemic tumors \[[@bib23]\]. Another study found that incomplete RFA can induce cancerization in operation-surrounding tissues of mice with liver cancer \[[@bib17]\]. Therefore, it is of great significance to study on how to apply HSP70 inhibitor to RFA surgery or to inhibit the impact of heat stress \[[@bib36]\] so as to reduce subsequent risks. But since the members of heat shock protein family are important for normal function, this need more related experiments to testify the safety.

Also, since RFA is a treatment using high-frequency alternating current to create frictional heating of the tissue surrounding the electrode, to cause desiccation and coagulative necrosis, some studies focused to research the way to deduce the located heat. One study showed that regional flow influenced heat accumulation \[[@bib37]\].

Furthermore, some studies move the sight to improve the surgery technical, such as using computational model to set special plan for individual \[[@bib38]\] or different organs \[[@bib39],[@bib40]\]. And also, some researchers considered the influence caused by transferred energy \[[@bib41]\]. Moreover, a study elaborated the electromagnetic wave frequency dependence of lung\'s electrical conductivity effects on heat generation of RFA \[[@bib42]\].

This remind us to explore the relationship between heated carcinoma cells and normal tissue. And we found that the heat injured cells would pass the injury signal to normal pancreas cells in some way, and increased their HSP70 expression. This data suggested there might be another way to block this signal pass way to prevent heat injury caused subsequent cancerization.

These existing studies and our experimental results have verified that although there are many factors affecting the prognosis of RFA surgery, RFA surgery is effective in the treatment of pancreatic cancer, worthen further studies to increase its efficacy and safety.
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